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‘( Methods for the Removal of Incrustation in Water- 
Mains ; with a Description of the Automatic Machine 
Employed in  the Melbourne Water-Supply.” 

By EDGAR GOWAB RITCHIE, Assoc. 31. Inst. C.E. 

THE presence of incrustation on the  interior surface of water-mains, 
by reason of its effects upon.  the  quantity  and  quality of the 
supply,  demands the careful  attention of those entrusted  with  the 
maintenance of waterworks. It is generally recognized that,  next 
to  replacing  incrusted  pipes  by  new ones--a most costly  operation 
-the only remedy is  the removal of the obstructing  material by 
mechanical means-a  process requiring  constant  repetition. 

In  1897 the  Author  had charge, as  Assistant  Engineer  under 
the  Superintendent  Engineer Mr. W. Dowden, of the carrying- 
out of a number of trials,  which  led  to  the  introduction of an 
automatic  machine  for the removal of incrustation in the pipes 
of the Melbourne  water-supply. Having  given  the  question close 
attention  then  and subsequently, he  has collated the results of his 
observations and experience in  the following  Paper. 

The Inerustation.-The character of the  incrustation  varies 
according to  the  quality of the water, being softer and  forming 
more rapidly in  waters  containing  much  vegetable  matter. In 
pipes which have been coated in  the usual  manner, the  incrustation 
is generally  found at   the  outset in small tubercules  occurring a t  
intervals on the  internal surface,  wherever the coating is weak or 
has become damaged; in  course of time these  extend, until finally 
they completely fill the pipe. In pipes  which  have either  not 
been  coated before laying, or have once  been  cleaned, the  growth 
takes  place regularly  all  round  the  pipe  and  much more rapidly. 
This incrustation is generally most troublesome in  the smaller 
pipes (3 inches to 6 inches in  diameter), but  in course of time  the 
larger pipes are also affected. 

The injurious effect of incrustation  is  not confined to obstruction 
of the discharge. The tubercules  encourage  the  growth of animal 
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life  very  greatly.  Thus, five samples of muddy  water  taken from 
the pipes of the Melbourne system during  cleaning, in  1899, 
yielded on an average 12,000 organisms per cubic  centimetre,  the 
highest  number  being 31,400 per  cubic  centimetre;  this  water- 
supply, moreover, although unfiltered,  has been  pronounced after 
lengthy chemical and bacteriological  examination  to  be of a very 
high degree of purity  and  to compare favourably with  the filtered 
water  supplied  to  London  and  Berlin. Further, a very trouble- 
some discoloration of the  supply, sometimes affecting  a consider- 
able  area,  is  frequently caused by portions of the incrusted  matter 
becoming  dislodged and  churned  up  in  the  water;  quite  small 
portions  are  powerful  in  their effects in  this direction, and a great 
deal of flushing is often  required  to  clear the  water again. The 
Author  has observed that  in a  long  line of pipe the incrustation 
is  always  greatest on the  fall of the hills,  and a t  those parts where 
the flow is very much  broken up;  and  it is  found that  in general 
the  greater  the  unbroken flow in  any pipe the less is the  incrusta- 
tion. It is well  known that  by coating the surface of pipes with 
a  coal-tar composition, such  as that introduced  by Dr. Angus Smith, 
the resistance  to corrosion is greatly increased, and  this  precaution 
is now invariably  taken  in pipes for waterworks ; it is, however, 
only efficacious for a term of years, and it therefore follows that 
to maintain  both  the  quantity  and  the  quality of the  supply 
periodical  removal of the incrustation  is  absolutely necessary. It 
should  not  be  allowed to grow until  it  causes serious chokage, 
and expense in  removing. The pipes must be attended  to  regu- 
larly  and systematically. I t  is preferable  to confine operations to 
one district a t  a time in  order to localize as much as possible 
the temporary  discoloration and  disturbance of the general  supply. 
The presence of incrustation in  the pipes is, of course, discovered 
when  repairs  are  being made, but  i t  is also readily  detected in  the 
smaller  pipes by  taking observations of the pressure and throw of 
water from the hydrants,  when open full bore. 

The  only effective method of removing incrustation of which 
the  Author is aware, is by passing  scrapers through  the pipes, 
either by hand-labour  or by machines driven  by  the pressure of 
the  water  in  the pipes. 

Hand-scraping.-The appliance  usually employed for removing 
incrustation  by  hand-labour consists of rods of steel,  iron, or  wood, 
screwed  together, with some  form of scraper fixed to  the  end;  this 
is driven  through  the pipes by a  number of men, an opening  being 
made for its admission, and  the  water is turned on slightly  to flush 
the material ?ut  as  it  is removed. A form of hand-scraper  which 
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has been largely used is the  spiral scraper, Pig. 1, which revolves 
as it is driven  through  the pipe. One of these  was  experimented 

with  in  the Melbourne  water- 
Fig. 1. 

SPIRAL HAND- 
SCRAPEII. 

supply, in  1894, but was not  found 
so suitable  as  that  already in  use, 
probably  owing to  the fact that 
the  incrustation is fairly soft and 
crumbles  readily. It has been 
successfully  used in  a more or less 
modified  form in some  of the  other 
Victorian  town-supplies and  in 
Sydney. The scraper used a t  
Melbourne consists simply of a 
short  hollowsteel  cylinder,  slightly 
less in diameter than  the pipe  to 
be operated on, and  having  its 
anterior  rim  sharpened to  a  cut- 
ting-edge, Figs. 2. The cost 
of this  appliance is only  about 
10s. The rods used consist of ordi- 
nary &-inch or $-inch  gas-piping. 

MELBOTJRSE HAND- 
SCRAPER. 

As examples of the  average cost of scraping  by 
hand-labour in the Melbourne  water-supply, the fol- 
lowing  were the costs for 514 miles of 3-inch, 4-inch, 
5-inch, 6-inch, 7-inch and !)-inch pipes, in densely 
populated  districts :- 

Per Chnin. 

Labour (including supervision) 4 0 
S. d. 

Material and cartage . . . . . . . . .  1 7 

Total average cost . . .  5 7 

. . . . . .  
- 
- 

and for 15 miles of 3-inch,  4-inch and 5-inch pipes, 
under favourable  circumstances :- 

Per Chain. 
S. (l. 

Labour . . . . . . . . . . . . .  3 52 
Material and cartage . . . . . . . . .  1 2 

Total  average  cost . . .  

The costs  given in  this  Paper include, in  all cases, the cost of 
cleaning cross-connections,  bends, hydrants, etc., of providing all 
material  which has to be replaced or used for repairs necessit.atect 
during  the operation, and of clearing  such house-services as  may 
become  blocked.  Costs of cleaning specified short lengths of pipe 
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are misleading, and  the  Author is of opinion that  the average cost 
for  large  quantities,  as  given in  this Paper, is the best basis for a 
comparison for city-work. 

In  a  Paper  by Mr. M. B. Jamieson,  published by  the  Institution 
in 1881, the following costs for cleaning  pipes in  England  are 
given :- 

Per Chain. 
S. d .  

For pipes 3 inches in diameter . . . . . . 6 8 
For pipes 4 ,, . * . . . . l 1  4 
For pipes 5 ,, . . . . . . l 7 0  

the rates of wages  for  labour  being : Foreman, 7d. per hour;  junior 
foreman, 5d. per  hour ; labourers, 4d. to 4hd. per  hour ; boys, 2d. per 
hour. The  Author is a t  a loss to  understand  such  high costs for 
scraping,  considering that  the  rates of pay for labour in  the 
Melbourne  Water-Supply  are : Foreman, Is. 3d. per  hour ; jointers, 
Is. 3d. per  hour ; 1abourers, logd. per  hour. The local prices of the 
principal  materials on which the costs given in this  Paper  are 
based are : Cast-iron pipes, ;E8 12s. 6d. per ton ; special  castings, 
$11 per ton; lead, S14 per  ton ; yarn, 3d. per lb.; coal and fire- 
wood, 1s. per  cwt.; road-metal, where used for  repairs, 6s. per 
cubic  yard. 

Automatic Scraping.-The advantages  gained  by  utilizing  the 
pressure of the  water  to  drive machines automatically  through  the 
pipes  have  been recognized for many years. In a Paper  by Mr. 
H. Henderson, published by the  Institution  in 1894, it is stated 
that  the idea originated with Mr. J. G.  Appold, ASSOC. Inst. C.E., 
and  that  in 1873 Mr. Thomas Kennedy, of the Glenfield  Company, 
devised a modification of the Appold  scraper  which  has come into 
general use. The Glenfield scraper  has been used in Australian 
water-supply schemes for many years, but its use appears  to  have 
been  confined to  long  lengths of reservoir-mains, and especially to 
those of comparatively  large size. 

An automatic  scraper, to be  generally successful in  reticulation- 
Work, must be  capable of cleaning  pipes  as  small  as 4 inches in 
diameter; of passing  bends 9 inches to  12 inches in  radius, and  the 
projections of the ferrules of house-connections ; and also of 
working  with moderate pressures, down to 20 lbs. per  square  inch. 
Its advantages over a  hand-scraper lie  principally in  the economy 
and  expedition  with  which  the work is executed. I t s  disadvan- 

1 ‘6 The  Internal Corrosion of Cast-iron Pipes.”  Minutes of Proceedings 

* The Removal of  Corrosion  from  Water-Mains.” Minute6 of Proceeding6 
Inst.  C.E., vol. 1x7. p. 323. 

Inst. C.E., vol. cxvi. p. 307. . 
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tages  are : (1) the  greater  area of supply required to be temporarily 
shut off a t  a time ; (2) the  risk of stoppage of house-conneotions ; 
and (3) the  liability to loss of the machines. The first is, of course, 
unavoidable, and  the  extent of the work, i.e., the  length cleaned a t  
one time, must be modified according  to circumstances. The 
second difficulty will  generally  be  met by temporarily shutting off 
the service-pipes, which  are  usually controlled by separate  stop- 
taps,  easily accessible. There is, of course, always  a  small  pro- 
portion of old service-pipes without stop-taps, or the stop-taps of 
which  have  been  buried;  these  have  simply  to  be opened and 
cleared,  where  necessary, after  the  scraping operations  have been 
completed. If  the  stopcocks  in  the  main  are not reflux, these 
stoppages  may  be  easily removed, 
without  the  necessity of opening Fdg. 3. 
the road, by  putting a hand-pump 
on to  the service-pipe  and driving .$ I 

the  obstructing  matter back into --+------ 
the main. The  liability  to loss of 
the machine is not  serious  when 
the pipe-cleaning gang  has become 
trained to the work. 

Description of the Machine.-The 
machine  which has been adopted 
in  the Melbourne  water-supply is 
,known  as the I‘ Bilton ” automatic 
scraper. It consists of two pistons, 
each carrying  tumbling  cut- 
ters,” and it differs from others Scale 3 Inches-l Foot 
of its class in  the combination 
of piston  and  scraper in  one, Figs. &INCH AUTOMATIC SCRAPER. 
3, 4 and 5. The  tumbling  cutters 
support  and  take  the wear off the piston-disks, which retain  the 
water and thus secure the necessary  pressure  to drive  the machine. 
The  latter,  by reason of this  arrangement, so gains in compactness 
as  to be  capable of passing  ordinary  obstructions, of going  round 
bends, and of being  inserted in  and  withdrawn from a very  short 
opening in  the pipes. The pistons are  attached  to a short spindle, 
and each  carries  a  ring,  securely  fastened in a groove at   the  back, 
upon  which  are  threaded  the  tumbling  cutters. The latter, besides 
being  attached  to  the  ring,  are  contained  in,  and  guided in their 
action of tumbling by, radial grooves cut  in  the metal pistons. 
Immediately  behind the  cutters are disks of best English  ieather 
or rubber  insertion-cloth.  Next to these are red rubber disks, 

IN l 0 I 2 S + S I N  

X 2  
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which  are  held  by  a  metal  washer  and  adjusting  lock-nuts on the 
spindle. The disks and red rubber  allow  the  cutters  to be 
depressed when an obstruction,  such  as  a  ferrule, is met  with,  and, 
in the  front piston, act  as a cushion to force them back again  to 
the  full  diameter of the pipe, the pressure of the  water  fulfilling 
this service in  the back piston. By means of the adjusting  nuts 
the  cutters may be slackened  or stiffened in  order to deal with 

Fig. 4. 

G-INCH AUTOMATIC  SCRAPER. 

pipes of slightly digererent diame- 
ters. Further, it is often neces- 
sary, where the incrustation is 
heavy or of a  hard  nature,  to 
remove i t   in  two  or  three scrap- 
ings,  screwing up  the  cutters 
by means of the  adjusting  nuts, 
after each operation, until  the 
pipe  has been  cleared  out to  the 
full diameter. 

The movement of the ma- 
chine  through  the pipe is prac- 
tically  without rotation, the 
spiral  lines of the cutting-edges 
of the  front  and back cutters 
being  divergent,  as  shown in 
Figs. 5. The  cutters  cling to 
the  internal surface of the  pipe 
and remove the  incrustation  in 
a far more  complete manner 
than a  hand-scraper,  which  has 
to be of slightly smaller  dia- 
meter  than  the  pipe in which it 
works. Further,  the  result  is 
attained  without damage  to the 
coating,  which  remains intact 
with  the  marks of the cut- 
ters  iust  visible on it. It 

will  be seen that, from the  nature of its construction, the machine 
cannot be driven backwards. The  front  piston is set in relation 
to the back  piston so that  the  cutters of the  latter traverse  the 
surfaces  untouched  by  those of the former. The action  may  best 
be  described by  stating  that  the work of the  front  piston  results  in 
the  incrustation  being '' ploughed up '' as ' by a plough-sbare, 
whilst  the function of the back  piston is to grind  up  and remove 
what is left. The  water  under pressure escapes in a fine stream a t  
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high velocity  around the circumference of the disks,  and, playing 
immediately upon the cutting-edges, flushes the deposit  away 
ahead of the machine to  hydrants, scours, or  other openings. I n  
the smaller sizes, especially  4-inch and 5-inch, the disks of the 
back  piston  must  be cut  to  the  full  diameter of the pipe, otherwise 
it is impossible to obtain sufficient pressure on the machine to 
drive it through the pipe. It is found that  the  water which escapes 
past the disks is ample for scouring-purposes. The disks of the 
front piston  are  necessarily  smaller than those of the back piston, 
in order to  prevent  the machine  becoming choked with deposit. 
Pipes corroded to  such an  extent  that  the  clear  diameter  left is 
much less than  that of the solid portion of the front piston, e.g., a 
4-inch  pipe in which the clear  bore  is less than, say, 15 inch, can- 
not  be cleaned by this method, but  must be  cleared  out by  hand- 
scrapers from short  cuts.  The  Author  contends that incrustation 
should  never  be  allowed  to  accumulate so as  to  obstruct the 
discharge to  this  extent,  but should be systematically removed. It 
has been found, however, that  by  using scrapers of inoreasing sizes, 
say, 3$-inch, 4-inch, 45-inch  and  5-inch, and sometimes slackening 
the  adjusting  nuts, a  pipe  very  much corroded can  be effectually 
dealt  with  by repeated  scrapings. In  machines of the  larger sizes, 
since there  is a  superabundance of driving-power,  owing  to the 
greater piston-area, it becomes  possible to increase the scouring- 
action  very considerably. This  is effected in  the 12-inch  machine 
by a number of holes  bored in  the hollow spindle,  directing  jets 
of water on to  the  front  cutters, Figs. 5. These  were  found  very 
serviceable in  heavily  incrusted pipes, where  there  was  a  great 
quantity of sediment  to  be removed. They may  be closed by 
means of plugs  during a second scraping, so that  the scour may  be 
confined to the outside  edge of the disks. In the 9-inch machine 
a  safety-valve  was  provided, to  act  when  the pressure rose to 80 lbs. 
per  square  inch.  This provision was considered to be necessary 
in  case  of a  sudden  stoppage of the  machine  giving  rise  to a 
'' water-ram," and  thus  causing damage to  the  pipes ; but  the reliaf 
afforded by  the  opening of a l-inch  jet  in a  9-inch pipe, or  a 
14-inch jet  in a  'la-inch  pipe, would not  be  very  great  if  the pressure 
rose to, say, 200 lbs. per  square  inch. It was  found that  with 
judicious use of the pressure, so that  the passage of these larger 
scrapers  was  never forced, there  was no necessity for a safety-valve, 
an appliance the  utility of which is further  liable to  be restricted 
by its becoming choked with sediment. The speed of working of 
the machines  should  not exceed 4  miles an hour, depending upon 
the  amount of incrustation in  the :pipes, and  the best result  is 
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obtained  by  limiting  the speed to  2 miles an hour. I n  the larger 
sizes, with  a good pressure, a  very  small  opening of the  regulating- 
valve is sufficient ; the  slow speed not only allows the scraper time 
to  do  its work  and  prevents it becoming choked with sediment, but 
also enables  the foreman in charge  to  accompany it on foot and 
note its progress. 

I 

The  average cost of the  machine  is :- 
For a 4-inch machine  12 

,, 5-inch ,, . . . . . . . . .  15 
,, 6-inch ,, . . . . . . . . .  19 
,, S-inoh ,, . . . . . . . . .  35 
,, 12-inch ,, . . . . . . . . .  65 

AS the  number of 7-inch  and  10-inch pipes in  the Melbourne 
system is comparatively  small, a saving was effected by utilizing, 
for scraping these, the  &inch  and  9-inch  machines respectively, 
the  cutters of the  latter  being  temporarily replaced by  larger 
cutters,  with stiffer packing and  insertion-disks  behind  them. 

The pistons of the  4-inch  and  5-inch machines are of delta ”- 
metal,  Muntz  metal, or phosphor-bronze, a very  tough  material 
being necessary for the webs 
between  the grooves for the Fig. 6. 
cutters, especially in the  front 
piston  where  the webs are 
very thin  in order  to  gain 
thickness  in  the steel cutters. 
Breakage of the  cutters  takes 
place  most  frequently at  the 
outside edge of the piston, CUTTER oB AUTOMATIC SCRAPER. 

where  the  cutter is enclosed 
in the groove. The  cutters  are made to fit accurately, without 
undue play,  and to  be  interchangeable in the grooves. They 
are  thus  readily replaced by  the  foreman  if  they  break  during 
the operation of scraping. The  cutters,  which  are of cast- 
steel, are  tempered  glass-hard on the cutting-edges, the web 
portion  contained in  the grooves of the  front  piston  being 
softened  to  prevent  brittleness at  this point, Pig. 6. They 
are  stamped  out  by dies in the  rough,  and  ground to size 
on an emery wheel. In  the  12-inch machine, which  is  the 
most recently constructed, the  adjustment of the forem’ost piston 
is effected from the front. This  is more convenient  for  the 
removal of the  piston from the spindle, in  the event of a  cutter 
breaking,  than  the  adjustment from  behind used in  the  smaller 
machines. This  arrangement  is  impracticable  in  the  smaller 

S . . . . . . . . .  

7 
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machines, since the round nose of the  front  piston  must  not be 
sacrificed (this  feature  being essential in  the  traversing of beds), 
nor  must  the machines be unduly  lengthened,  and  the  front  cutters 
must be kept  as  far forward as possible. 

Method of Using the Machine.-In removing incrustation  by means 
of an automatic  machine,  two  cuts in the  pipe-line  are  required, 
one for insertion  and  the  other for withdrawal of the scraper. In  
reticulation pipes, where the  length t o  be cleaned  between  two 
cross-mains is less than 12 to 14 chains, or less than 7 chains in a 
pipe  supplied  from one end  only, the hand-scraper is used, and  thus, 
in densely  populated  districts,  automatic and  hand-scraping  must 
always proceed concurrently. The first  step  is to  shut  the stop- 
taps of the house-services, having previously  given  notice to  the 
consumers, from  house to house,-a course  considered  necessary in 
Melbourne, but which  adds  very  much to the cost of the work. 
The valve  is  then opened sufficiently to  drive  the  scraper at  the 
speed desired, which  may  be 2, 3, or 4 miles per  hour,  according  to 
the condition of the  incrusted pipes. A11 hydrants  and scour- 
valves in advance of the  scraper  are opened,  and  each of these is 
closed as soon as  the machine  has passed. At  the  hydrants  the 
passing of the  machine is indicated  by  a  sudden  increase in  the 
flow and at  the same time  a comparative  clearing of the  dis- 
charged  water. The  shorter  the  distance  apart of the appliances 
for  getting  rid of the discharge, the more rapidly  and economically 
can  the operation be conducted. I n  small  pipes it is necessary to 
have  these  every  few chains, especially where  there  is much 
incrustation. I n  Melbourne they  are  generally placed 3 to 5 
chains  apart, for fire-purposes and  street-watering,  according to the 
district,  the  character of the  buildings, etc. Although  pillar- 
hydrants have been  used for some years  past,  the  great  bulk of the 
reticulation is served by  the well-known ‘‘ Bateman and Moore ’’ 
hydrants, of which there  are  about 12,000 in use. These  are  liable 
t o  become  choked at  the ball  when the  discharge of sediment  is 
heavy. To avoid  this,  and to afford a  freer  vent, the  ball  is often 
temporarily  withdrawn at favourable points on the  line of opera- 
tion,  and  a “ dummy ’’ portable  hydrant,  with  the  spindle removed, 
is fastened in  the usual  manner. The outlet-nozzle is provided 
with a  cap  which is screwed on as soon as  the scraper passes the 
hydrant,  the  regulating-valve on the  main  being  shut down for a 
moment to  permit of this  being done. The “ dummy ” is used 
where i t  is desired to:’secure)the greatest  discharge from a  very 
dirty pipe, but more frequently  the  ball  is  simply removed 
temporarily  and  the  ordinary  portable  hydrant used. The scraper 
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finally  emerges at the opening  made at the  end of the  run,  and, 
the  short  length  to  the cross main (Fig. 7) having been cleaned 
by  means of rods, the pipe is made good and  the  operation is 
completed. 

Should  the machine be stopped by  the accumulation of sediment 
in  front of it, the usual  remedy is  to  cut  the  pipe in front of the 
machine and to clean up  to it with  the hand-scraper.  Often, 
however, relief  may  be  obtained without  cutting  the pipe, by 
shutting off the pressure  behind and  turning  it on in front of the 
machine, thus  scouring out, partly  by suction, the material  causing 
the stoppage. A house-connection ferrule  may occasionally be 
found  to  project SO far  into  the  main  as  to  stop  the machine, in 
which case by  unscrewing  the  ferrule  the machine  may be allowed 
to pass ; often in  such cases the machine  may  be U bumped " past 
the ferrule by shutting off the pressure 
and  turning it on again suddenly. The Fig. 7. 
presence of foreign  material in the pipe, 
such  as stones, lead from a joint, etc., is c 

often the cause  of a  stoppage  for  which 9 $ 
the  only remedy  may  be  to cut  out  the 'U 

piece The of whole pipe. course of the scraper  can  be j-+ ="l BUILDING * ' M A I N  L l N E  

accurately followed by  attaching  to it a 
piece of ordinary fishing-line, arranged  to 
operate a recording drum  at  the  starting 
point. This  expedient  has been very 
suocessfully  employed, especially on long 
lengths  where  there  are  not  many  hy- 
drants,  but in   an ordinary  town  distribution-system the men 
become quite  independent of the fishing-line,  being  able to locate 
the machine very closely by sounding or by observing the flow 
from the  hydrants. 

flatch-bozes.--For  convenience in  the  insertion  and removal of 
the scrapers,  permanent  hatch-boxes  were  adopted in  the Melbourne 
system. These are  illustrated  in Figs. 8. When  an  existing  main  is 
cut for  scraping, the  only new part  required in  making good the 
pipe,  except an occasional plain or socket-piece of new pipe, is  this 
combined thimble  and hatch-box. The piece of pipe removed a t  
One cut is generally used to  make good the  next  cut,  and SO on. 
TWO new  lead  joints have, of course, always to 'be  made, and one 
joint  has  to be re-made, when a permanent  and  convenient  hatch- 
box is the result. The  length of opening  allowed  for the insertion 
of the machines is :- 
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8 inches for 4-inch pipes 10 inches for 7-inch pipes 
9 ,, 5- ,, ,, I 13 ,, 9- 9, ,, 
94 M 6- ,l $ 9  14 9 ,  10- > t  9, 

15 inches for 12-inch pipes. 

In the case of pipes of 4 inches  diameter,  which is the  ruling size 
in the reticulation, a special cover, shown in Figs. 9, is used during 
cleaning  operations  and in  all new  reticulation-work,  instead of a 

I 
U1 :: 
5 9 

I 

fire-plug  pipe,  where a scour-hydrant  and  a  hatch-box  are  both 
required at  the same point. The '' washouts "-in use chiefly at 
the dead ends " of pipes, and most  commonly in those of 4 inches 
diameter-are  now  made  with  a  reducing distance-piece which 
connects  with  the  hydrant.  Thus no cutting is required, but  the 
washout is made  to  serve as a hatch-box for removal of the 
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machine. The cost of the  hatch-box  thimbles, at  the  rate of 118. 
per  cwt. (no machining  being  required)  is :- 

For 4-inch pipes 0 8 10 
€ S. d. 

,, 5-inch . . . . . . . . . . .  0 I4 4 
,, 6-inch ,, . . . . . . . . .  0 18 4 
,, 7-inch ,, . . . . . . . . .  1 2 0 
,, 9-inch ,, . . . . . . . . .  1 14 4 
,, 10-inch ,, . . . . . . . . .  1 18 6 

. . . . . . . . .  .. ,, ,, with a fire-plug top . . .  0 9 11 

.. 12-inch ,, . . . . . . . . .  2 11 G 

With  the  exception of those of the fire-plug-top pattern,  the 
hatch-boxes are  not  usually  inserted when the  mains  are laid,  as in 
the Melbourne  system  pipes  properly 
coated do not  require  scraping  until Figs. 9. 
they  have been 10 years or 15 years k . . . . . . . . . . . ~ ' . . . . . . . .  J 

in use; but  after  having been  once 
cleaned they  should be scraped  regu- 
larly  every 5 years  to 7 years,  according 
to  circumstances. 

Coat of CZeaninq. - The  following ........ - *  
examples of the cost of automatic 
scraping  will  serve to show the  saving 
effected as  compared with  the  best 
records for hand-work :--- 

(1) 21  miles of reticulation  pipes 
of all sizes from 4  inches to  9 inches 
in  diameter; cost of labour, l ld .  to 
38. per  chain ; cost of material  and 
cartage, 10d. per  chain.  Average total 
cost of cleaning 2s. I l d .  per  chain. 

Average  total cost of cleaning, 28. 5d. PLUO PIPE. 

Scale Ih Inch = I Foot 

(2) 19 miles of 4-inch  pipes  only, CoVEB To FIRE- 

per  chain. 
(3) 68 chains of 10-inch  pipes; cost of labour  and  cartage, 

IS. 72d. per  chain ; material, 18. per chain. Average  total cost of 
cleaning, 28. 7 i d .  per  chain. (Two cuts  were made.) 
(4) 3 miles 12  chains of G-inch pipes, circumstances  favourable ; 

labour  and  cartage, 42d. per  chain ; material, lad. per chain. 
Average  total cost of cleaning, 6d. per  chain.  (Two cuts  were 
made.) 

( 5 )  2 miles 8 chains of 12-inch pipes, very  heavily  incrusted : 
many  obstructions  encountered : route  entirely  through  very 
thickly  populated distriots connected by  branch-pipes  to  the  12-inch 
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main : many stoppages in  the old service-pipes not provided with 
stop-taps; cost of labour  and  cartage, 59. 4d. per  chain;  material, 
M. per chain. Average t o h l  cost of cleaning, Gs. Id.  per chain. 
(Six  cuts  were made.) 

(6) 3 miles of 12-inch, 55 chains of 10-inch, and 31 chains of 
9-inch pipes, through  thickly populated districts ; cost of labour 
and  cartage, 1s. g$d. per  chain;  material, Is. 4d. per chain. 
Average total cost of cleaning, 38. l&d.  per chain.  (Six  cuts were 
made.) During  this run the machine at  one point  travelled 30 or 
40 feet  vertically,  thence  about 160 feet  horizontally,  thence 
returning 30 or 40 feet  vertically,  besides  passing  four  right-angle 
bends. The pipes  were of wrought  iron  riveted, and were  carried 
across a  river  by a large  railway bridge. In two  places the 
machine  traversed  deep  and  wide  railway  cuttings,  successfully 
passing  each of the  sharp bends, the pipes  being  laid under  the 
line. At  all these  points  hand-scraping  would  have  been  very 
difficult and  costly  to  carry out. 

(7) 6  miles 72 chains of 12-inch pipes, through well-populated 
districts ; cost of labour  and  cartage, 1s. 6&d. per  chain ; material, 
ll@. per chain. Average total cost of cleaning, 2s. 6d. per chain. 
(Eight  cuts were made.) Many difficult points,  such as riveted 
tubes, bends, and connections  over  bridges,  were passed in  this 
run;  in two  places  where  pipes  were laid for some distance at  
considerable depth, in bad ground-with  bends at one point- 
hand-scraping  could  only  have  been  employed  with  considerable 
difficulty, danger  and expense. 

It is  estimated that under  the most favourable  circumstances 
hand-scraping of 12-inch  pipes costs 9s. to  10s. per  chain. In  
most of the results  given,  the cost of inserting hatch-boxes is  in- 
cluded, and therefore in  future  operations  the expense for labour 
will, be much less, whilst  little or no material  will  be  required. 
Where  very  heavily  incrusted pipes of the  larger sizes are  being 
operated  upon, it is found  advisable  to  cut in  the hollows and to 
work the machine  down  from the  hilltops,  thus  ensuring effective 
scour. 

The machine was first  used in  the Melbourne  water-supply in 
August,  1897,  and at  the end of June, 1902,164  miles of pipes had 
been  cleaned by it. Good weekly returns for reticulation-pipes 
average  170  chains  cleaned by a  gang of six men. 

The chief  advantages possessed  by the machine desoribed in  this 
Paper are :- 

(l) Efficiency in dealing  with  small pipes with a moderate 
pressure, even  as  low  as 20 lbs. per  square inch. 
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(2) Special  capacity  for  passing  obstructions  and  bends of small 

(3) Compactness, resulting  in economy of material  and  labour, 

(4) Simplicity  in its mechanism and adjustments. 
In  conclusion it may  be  said that  whilst  the mach.ine is capable 

of effectively dealing  with pipes choked to  a  considerable extent 
the  great  saving is in  its application  to  pipes  only  moderately  in- 
crusted,  and  those  in  which  the deposit is soft, and in  the periodical 
cleaning of the mains  after  they  have been  once scraped. 

For permission to present the foregoing  communication the 
Author is indebted to Mr. W .  Thwaites, MA., M. Inst. C.E., 
Engineer-in-Chief of the Melbourne and Metropolitan Board of 
Works,  which is the  corporation  administering  the water-supply of 
the Melbourne and Metropolitan  District. 

radius. 

on account of the  very  small  openings necessary in  the pipes. 

The  Paper is accompanied by  tracings  and  sunprints, from a 
selection of which  the  Figures  in  the  text  have been prepared, and 
by the following  Appendix. 

[APPENDIX. 
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APPENDIX. 

PARTICULARS OF THE MELBOURNE WATER-SUPPLY SYSTEM IN 1902. 

752 miles of aqueducts. 
187 miles of large  mains and sub-mains 48 inches to 12 inches in diameter. 
933  miles of pipes not exceeding  10  inches in diameter,  included in which 

are 174 miles of 3-inch, 469 miles of 4-inch, 95 miles of &inch, 122 miles of 
6-inch, 19& miles of 7-inch, 1 mile of 8-inch, 294 miles of 9-inch, and 
94 miles of 10-inch pipes. 

Maximum daily consumption 57,000,000 gallons. 
Average daily consumption during 1901, 29,500,000 gallons. 
Population  supplied with water, 490,000. 
Number of hydrants, more than 13,000. 
The maximum pressure is 160 Ibs. per square  inch, and  the minimum about 

15 to 20 lbs.  per  square  inch, the average for the greater part being 40 to 70 lbs. 
per square inch. 

The water is not  filtered,  being  drawn from about 70,000 acres of moun- 
tainous and heavily-timbered watersheds, absolutely  unalienated and free from 
occupation and stock grazing. 

The standard of purity required and obtained is very high. 
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